The aetiology of OAL is undefined, although much attention has been recently focused on determining whether OAL is caused by an autoimmune disorder, chronic antigenic stimulation or both. It is becoming evident that infectious agents underlying chronic eye infection, as Chlamydia, may play a role in ocular lymphomagenesis. The high prevalence of Chlamydophila psittaci in patients with OAL has suggested a potential oncogenic role for its tendency to cause chronic and persistent infections, although it has been documented an evident geographical variability and response to antibiotic treatment. For C. pneumoniae, the findings so far obtained are very limited not only for identification in OAL but also for the specific treatment with antibiotics. The recent molecular and cultural evidence of C. trachomatis in patients with OAL, seems to suggest that also this pathogen may contribute to pathogenesis of such lymphoma. The potential application of bacteria-eradicating therapy at local and systemic level may ultimately result in safer and more efficient therapeutic option for patients affected by these malignancies. Moreover, a close collaboration between experts in ophthalmology, infectious diseases and hematology will help, in the future, to effectively manage this disease. This review attempts to weigh the currently available evidence regarding the role that Chlamydia play in development of OAL and focuses on patients with OAL observed at our Institution.
Introduction
Non-Hodgkin's lymphomas represent the most common ocular adnexa neoplasms and approximately account for 5% -15% of all extranodalmarginal zone (MZ) lymphomas, localizing at the conjunctiva, orbital soft tissue and lachrymal apparatus of the ocular adnexa [1] [2] . Extranodal MZ B-cell lymphomas of mucosa-associated lymphoid tissue (MALT lymphomas) are the second most common indolent lymphomas among all non-Hodgkin lymphomas and originate from B cells of the MZ of MALT [2] .
MALT lymphomas arise in lymphoid tissue acquired in certain extranodal sites as a result of chronic inflamemation or autoimmune disorders. In particular, the chronic antigenic stimulation and the action of infectious oncogenes somehow related to these agents (bacterial or viral) have been suggested to evoke host immune responses and to promote and sustain clonal B-cell expansion [3] .
In this context, for certain species of bacteria oncogenic properties have been demonstrated. Helicobacter pylori infection has shown to cause gastric cancer, chronic carriers of Salmonella typhi are at more risk of developing gallbladder or hepatobiliary carcinoma than noncarriers, Mycoplasma like organisms have been suggested to be associated with Hodgkin's disease and Borrelia burgdoferi in cutaneous B cell lymphoma [4] [5] [6] [7] . Moreover, many bacteria that cause persistent infections produce toxins that disrupt cellular signaling, alter the regulation of cell growth, induce inflammation or directly damage DNA.
The aetiology of ocular adnexa lymphoma (OAL) is currently unclear, even though it is becoming more and more evident that infectious agents underlying chronic eye infection, as Chlamydia, herpes simplex and adenovirus may play a role in ocular lymphomagenesis [2, 8] .
One of the bacterial agents which in recent years has gained attention is the bacterium Chlamydia psittaci implicated as potentially oncogenic for its tendency to cause chronic and persistent infections [8] [9] [10] .
This review attempts to weigh the currently available evidence regarding the role that Chlamydia plays in development of OAL and focuses on patients with OAL observed at the Department of Infectious Diseases of University of Ferrara.
Epidemiologic, Clinical and Cytogenetic Features of OAL
Lymphomas of the ocular adnexa are a heterogeneous group of lymphomas that account for approximately 1% to 2% of all NHL and approximately 7% to 8% of extranodal lymphomas [11] [12] [13] . OAL comprise both primary extranodal lymphomas, which constitute the majority of cases, and secondary tumors in patients with systemic lymphoma [14] . Extranodal marginal zone lymphoma of MALT type is the most common histologic subtype of primary OAL, constituting about 35% to 80% of cases [15] .
In Western countries marginal zone B-cell lymphoma of MALT-type accounts 50% -78% of all OAL, while in Japan and Korea the frequency rate is much higher especially in younger patients [16] .
The incidence of OAL has increased by 6.3% annually in the period from 1975 to 2001, more rapidly than nonHodgkin lymphomas at other extranodal sites [17] . Overall, although relative rare lymphoproliferative disorders, recent studies suggest a possible increase in the incidence of MALT lymphoma in the last decade [18] .
OALs are mostly seen in the fifth to seventh decade of life [median age, 65 years], with a female predominance and the majority (85% -90%) of patients present with localized disease (Stage I). They can infiltrate every orbital and ocular adnexal tissue [19] . The slow evolution of symptoms, especially in conjunctival lymphomas explains the long median interval between onset of symptoms and time of diagnosis ranging from 1 month to 10 years (median, 7 months). One of the main reasons of the slow evolution may lie in the lack of connective tissue stroma of neoplastic lymphocyte population which is able to model surrounding tissue without causing particular irritation.
The most frequent site of origin is the orbit (40%), followed by conjunctiva [35% -40%], lachrymal gland (10% -15%), and eyelid (10%) [19, 20] . Most patients with conjunctival lymphoma have visible, characteristic "salmon-pink patch" lesions reflecting tumour vascularity associated with swollen conjunctiva, redness and irritation (Figure 1) . Lack of symptoms is also possible in a large number of cases. Intraorbital lymphoma most frequently presents with painless diffuse ill-defined or circumscribed mass that may be associated with exophthalmos, proptosis, epiphora, dacryocystitis, diplopia or motility disturbance, gritty sensation. Only a few patients, primarily with orbital lymphoma, complain of pain or irritation [21] [22] [23] . Swelling may be one of the predominant symptoms for lymphoma arising in the lachrymal sac. These are often non-specific, and might be misdiagnosed as chronic dacryocystitis with nasolacrimal duct obstruction.
MALT lymphoma may also be associated with chronic conjunctivitis, resembling what happens for gastric MALT lymphoma, which is associated with H. pylori derived chronic gastritis.
In OAL, a B-cell clonal expansion and proliferation has been supposed by the presence of somatically hypermutated immunoglobulin genes with an ongoing mutations pattern [24] . Chronic antigenic stimulation may induce genetic instability with subsequent chromosomal abnormalities, which, associated with the microenvironment, can make the process of clonal growth independent from antigenic stimulation.
Microscopically neoplastic cells are monocytoid, centrocytic-like or lymphoplasmocitoid [24] . OAML are characterized by prevalence of one of mentioned cell types [25] . Immunoprofile is similar to other MALT lymphoma, being neoplastic cells CD20 + , CD79a [27] . All of these, except the translocation involving FOXP1, lead to for-mation or up-regulation of proteins (API2-MALT1, MALT1 and bcl-10) that ultimately target the NF-κBA20 gene by stimulating cell proliferation and survival [28, 29] .
Recently, homozygous deletions of a negative regulator of NF-κB A20 gene, were described in OALs, suggesting a role for this gene as a tumor suppressor in this disease [30] .
So far, the aetiology of OAL is undefined, although much attention has been focused on determining whether OAL is caused by an autoimmune disorder, chronic antigenic stimulation or both.
The chronic antigenic stimulation hypothesis claims that a specific infectious agent initiates a reactive lymphoid infiltrate in the normally sterile ocular adnexal tissues and leads to a B-cell clonal expansion and proliferation. At this stage, genetic alterations and microenvironment may sustain an independent growth of the infectious agent. The most common genetic abnormalities reported in OALs of MALT type are trisomy of chromosome 3 and chromosome 18 in up to 68% and 57% of patients, respectively [31] .
It is now becoming evident that infectious agents underlying chronic eye infection, as Chlamydia, herpes simplex and adenovirus may play a role in ocular lymphoma genesis in certain geographic regions. In general, C. psittaci and H. pylori may contribute to the pathogenesis of conjunctival MALT lymphoma, whereas Chlamydiae (C. psittaci and C. pneumoniae) and HCV can be considered the putative organisms that may play a role in the etiology of orbital MALT lymphoma [20] .
In the past few years several studies have reported increasingly the possible role of Chlamydiae in the development of OAL. Although the large number of papers reported in the literature concern with C. psittaci, there is evidence that other Chlamydiae such as C. trachomatis and C. pneumoniae can somehow be implicated in the pathogenesis of OAL.
Chlamydia Morphology and Function
The Chlamydiae are ubiquitous gram negative, aerobic, obligate intracellular bacteria which grow in eukaryotic cells and are responsible for wide range of human diseases.
In 1999, Everett proposed a new taxonomic classification to rename some Chlamydiaceae including C. pneumoniae and C. psittaci in Chlamydophila pneumoniae and Chlamydophila psittaci [32] . The revised taxonomic classification currently contains at least 4 distinct families (Chlamydiaceae, Simkaniaceae, Parachlamy diaceae and Waddliaceae) based on >90% 16S rRNA identity and acommon developmental cycle.
Chlamydiae, have a unique life cycle largely responsible for the molecular pathogenesis of chronic chlamydial infections in human disease. The life cycle for Chlamydia species begins with the elementary body (EB, 0.3 -0.6 m diameter), an infectious, metabolically inert "sporelike" form that is able to attach to a target host cell and stimulate uptake by this host cell. For C. pneumoniae, airborne infectious EBs produced through coughing by infected persons, is the manner in which this infection is transmitted from one person to another.
The discovery that EBs can translocate stored proteins into the host under distinct signaling pathways is further evidence that the entry process results from a dialogue between the bacteria and the host, although many features including EB protein attachment to target cells remain to be clarified or discovered [33, 34] .
After attachment to and internalization within the host cell, the EB transforms into a non-infective, metabolically active form called a reticulate body (RB, 0.6 -1 m diameter) that replicate by binary fission within a hostderived vacuole called an inclusion body [35] . During the replication process, some of the RBs transform back to EBs in an asynchronous manner. This orderly alternation between EB and RB in life cycle development usually takes place in 72 h, ranging from 36 to 96 h to complete, depending on each species. Under in vitro conditions, RBs block division and maintain a stable association with the infected cell and become the "aberrant" or persistent bodies with enlarged forms, altered gene expression profile and multiple nucleoids instead of undergoing rapid replication and differentiating into infectious EBs. During persistent growth, aberrant RBs continue chromosome replication but fail to divide [36] . These events constitute the basis of clinical persistence leading to chronic sequelae.
This replicative life cycle is characteristic of acute chlamydial infection. More recently a shift in this biphasic paradigm [37, 38] has occurred with the identification of a no replicative persistent intracellular form of chlamydiae; this cryptic form characterized by an altered gene expression as well as ultrastructural changes [39] , is now recognized as causing chronic chlamydial infections.
Pathogenesis of Chlamydia Persistence and Chronic Infection
Persistence has long been recognized as a major factor in the pathogenesis of Chlamydia disease. It has been described as a viable but non-cultivable growth stage resulting in a long-term relationship with the infected host cell that may not necessarily manifest as clinically recognizable disease. It differs from unapparent infections, which may or may not involve evident Chlamydia growth and refers to an atypical, intracellular and metabolically less active state that is difficult to resolve not only by the host-defence system, but also by antibiotic therapy.
Unlike the re-infections believed to be the result of exposure to a Chlamydia serotype different from the initial, persistent infections are due to the same type of pathogen genotype entered into a metabolic quiescent and non-infectious form and responsible of three to ten recurrences which can last many years [40] .
In vitro studies have shown that several factors including nutrient depletion, cytokines (INF-γ), iron restriction, amino acids, Ca++, and certain antibiotics can induce the Chlamydial persistent stage [9, 41, 42] . In particular IFN-γ directly inhibits bacterial growth [43] and induces Chlamydia persistence by allowing 60 and 12 kDa cystein protein inhibition and tryptophan depletion which can stop the expression of late proteins such as major outer membrane protein (MOMP) that in turn stop the progress of RB division and RB conversion into EBs leading to aberrant Chlamydial RBs [41, 44] .
During Chlamydia invasion and intracellular growth, sensors of the host innate immunity (pattern recognition receptors, PRR) can detect the infection by recognizing microbial components (pathogen associated molecular patterns, PAMPs). Chlamydia PAMPs such as Hsp-60 and Macrophage Infectivity Potentiator lipoprotein (MIP) are recognized by host PRR TLR4 and TLR2 respectively. These host receptors selectively recognize a broad spectrum of microbial components and endogenous molecules released by injured tissue [45] . In particular, TLR4 and TLR2 have been reported to be essential mediators of C. pneumoniae related host cell activation and defense and MyD88, the central TLR signaling adaptor molecule during Chlamydial infections, is crucial for the initiation of effective host defenses induced by recognition of C. pneumoniae by TLRs [46] . During C. pneumoniae respiratory infection, it is likely that both TLR2 and TLR4 signaling via MyD88 induce early cytokine and chemokine production and control infection.
MIP or other lipoproteins could be released from EB surface and RBs, and retain inside tissues where they might activate resident cells and perpetuate inflammatory response even after the eradication of live bacteria with antibiotic therapy [45] . In general, PRRs, upon ligand binding, can lead to activation of various inflammatory signaling pathways including NF-κB, NF-IL-6 and MAP kinases.
Type III secretion (T3S) apparatus is another mechanism which seems central to the biology of the Chlamydiaceae, as it mediates, as occurs in several important gram-negative bacterial pathogens, the translocation of bacterial toxins to the cytosol of infected cells [47] . It consists a molecular injection system protruding from the outer membrane that appears to be expressed and functional in acute as well as in chronic infection and may represent a prominent virulence factor. A major role of T3S may also involve, ensuring growth and development of the pathogen by modifying apoptosis signals or some other transcriptional regulation important for Chlamydia survival. Chlamydial protease or proteasome-like activity factor (CPAF) has been also proposed to be a major virulence factor in Chlamydia infected cells [48] . During an infection, CPAF is secreted into the host cytoplasm where it has been reported to cleave or degrade specific host proteins. This conserved chlamydial protease is likely to play an important role during the intracellular chlamydial infection.
Chlamydiae Spp. and Their Role in Chronic Diseases and in Cancer
Chronic infection and clinical persistence are closely related. Inhibition of apoptosis which could otherwise be used as a host defense mechanism against this intracellular pathogen, could represent a mechanism that has evolved to establish a chronic infection.
In general, all different species of Chlamydia have tendency to cause persistent infections that may play a role in chronic diseases (inflammation and scarring with significant damage to the host and oncogenesis).
C. trachomatis other to cause chronic, clinically unapparent infections of the upper genital tract that may result in significant damage to the reproductive organs [49] , can cause cervical dysplasia and cancer [50] including ovarian cancer [51] and can also lead to vulvar carcinogenesis [52] . Importantly, C. trachomatis has been shown to be fully viable and metabolically active in both the acute and chronic, persistent infection.
Several lines of evidence suggest that to provoke chronic infection, C. trachomatis could adopt several strategies. One of these consists of being silent, resulting in asymptomatic infections that cannot be diagnosed at that time. This promotes bacterial progression, even to the most internal tissues. In addition, C. trachomatis MOMP displays variable immunodominant antigenic epitopes. Variations in these epitopes explain the absence of strain specific immunity and multiple re-infections by different serovars or by the same mutated serovar are still possible [53] . For these reasons, even if the initial infection is resolved, re-infections are possible and can lead to autopathological immune response induction [41] . Previous studies have also revealed that in C. trachomatis infection, the cytosolic levels of Hsp-60 in vivo gradually increase during carcinogenetic steps, from normal tissue to dysplasia to fully developed carcinoma in various organs [54] .
C. pneumoniae is a widespread pathogen, a common cause of pulmonary infection, with serum positivity in at least 50% of the general population [55] .
A chronic C. pneumoniae infection increases the expression of its own Hsp-60 which continuously stimulates the host immune cells to produce anti-Hsp-60 anti-bodies inside but also outside cells. Thus, the immune response to microbial Hsp-60 may gradually lead or contribute to autoimmunity to host self antigens and conesquently, to the development of chronic diseases such as asthma, stroke, degenerative joint diseases, atherosclerosis, coronary heart disease, multiple sclerosis [56] [57] [58] [59] [60] [61] or favor the onset of cancer [62] or lymphoma. Chronic infections by C. pneumoniae are associated with small and squamous lung cancer and cutaneous T-cell lymphoma [63] . Persons with elevated anti C. pneumoniae IgA antibody titers have up to a twofold increased risk for small cell carcinomas and adenocarcinomas of the lung and it is increased in male smoker patients with chronic C. pneumoniae infection [63] [64] . Moreover, a significant association has been found with elevated Chlamydia Hsp-60 seropositivity, thus supporting an etiologic role of C. pneumoniae in lung carcinogenesis [62, 65] .
C. pneumoniae is also potent inducer of the proinflammatory cytokines TNF-a , IL-1b, and IL-6 in human monocytic cells, which may contribute to cancer development as demonstrated by the ability to activate PBMCs in vitro, and to grow inside these cells [66] . In this context, during or after respiratory infections, the chronically infected PBMC, capable of internalizing C. pneumoniae, but unable to kill this organism, appear to migrate transendothelially and to either transmit their infectious load to other cell types, disseminating and causing infection in distant tissues, including veins, or to remain as an infected focus in the arterial wall.
Monocytes and macrophages are known to be carriers of the infection from the respiratory site to other sites in the body and cause both local and systemic infection [67] . In fact, as happens in various chronic diseases, C. pneumoniae may be transported by infected monocytes and participate in the maintenance of local immunological response and inflammation, delaying its clearance [61, 68] .
The replication of this pathogen within lymphocytes suggest that these cells may be an important host cell for dissemination of organisms and may alter lymphocyte functions and certain immune mechanisms in infected individuals [69] . A role of the neutrophil as a "Trojan horse" has recently been recognized as an infection-promoting factor [70] .
C. pneumoniae can thus survive in different immune cells, and use these as carriers for potentially cause chronic/persistent infections due to host inability for complete elimination of the pathogen [71] .
Infections by C. psittaci are predominantly associated with chronic conjunctivitis. However, a strong relationship between C. psittaci and its potential carcinogenic role in OAL of MALT type development has been established [8] owing in part to their mitogenic in vitro activity [72, 73] , in vivo polyclonal lymph proliferation and resistance to apoptosis in infected cells [74, 75] .
Besides OAL, C. psittaci infection was associated with non gastrointestinal MALT lymphomas [lung, thyroid and salivary gland, skin] and autoimmune precursor lesions (Hashimoto thyroiditis and Sjogren syndrome), suggesting possible involvement of C. psittaci induced antigen driven MALT lymphoma genesis [76] . [77] . The association of OAL with C. psittaci has been reported mostly in subjects coming from rural areas, following a prolonged contact with household animals [8] . C. psittaci DNA was detected by PCR in ocular lesions from most of patients with OAL but not in controls [8] . Specific bacterial DNA was also found in PBMCs from patients with OALs. In some cases, PBMC samples were positive for C. psittaci DNA more than 5 years after lymphoma diagnosis, with a concurrent relapse of the disease, suggesting that the natural history of OAL is associated with the persistence of the C. psittaci infection, due to chronic antigenic stimulation and further supporting an etiologic role of this bacterium [78] . Specific antibiotic therapy with tetracycline using standard dosing regimens for 21 days eradicated (although often incompletely) the ocular disease. This therapeutic approach has revealed to be fast, cheap and well tolerated for treating OALs even for aged and heavily pretreated patients with conventional more aggressive therapy [8, 79] .
The Role of
The assessment of C. psittaci DNA in patient's PBMCs was thus considered apotential and useful tool to evaluate disease eradication and even detect reinfectionor reactivation. The genotypic and phenotypic differences among the strains of the pathogen should also be taken into account while performing this assessment [80] .
C. psittaci elementary bodies in the PBMCs were found viable and infectious and capable to grow in vitro and to be isolated from patients with OAMZL [79] . Taken together, the fact that C. psittaci can be isolated and grown in vitro from biological samples of OAL patients, improves the evidence level supporting this bacte-ria-lymphoma association and fulfills the second Koch's postulate hitherto reserved for H. pylori for gastric lymphoma [81] .
Other evidences suggesting the potential implication of C. psittaci in OAL come from Yoo [82] who found a high correlation between C. psittaci and OAL in Korean patients with a detection rate of bacteria DNA in about 80% and from Aigelsreiter [76] who detected C. psittaci DNA in 53.8% of MALT lymphomas from Austrian patients. These evidences strengthen that C. psittaci and bacterium driven antigens may have a causal role in the development of OALs and in sustaining the disease overtime, although often clinically unapparent.
The strong association of C. psittaci with ocular adnexal lymphomas, observed by Ferreriwas not be confirmed by other groups, [10, 19, 24, 31, [83] [84] [85] suggesting evidence for geographic heterogeneity.
In Italy and Korea the prevalence of the microorganism is greater than 75%, in others like Germany, Netherlands, UK, China, Eastern US and Cuba, the prevalence is included between 10% and 50%, other countries such as France, Japan etc. have a prevalence below 10% [10, 19, 31, 86, 87] . In Kenya, where the underdeveloped conditions and the rather high plethora of infectious agents which could establish an excellent pabulum for the cancerous transformation and the development of the OAL, no association has been found between OAL and C. psittaci [88] .
The possibility that C. psittaci may be variably associated with OAL in various geographic regions, the genetic background of different populations, the varying epidemiological risk factors among different geographic areas, the fact that C. psittaci plays a causative role only in some OAL patients, may affect the incidence of these lymphomas.
Overall, these findings suggest that the variability of the prevalence rated worldwide may be affected not only by geographical differences but also by the different sensitivity of the methods used for sample collection, PCR analysis and sequence diversity in the target region of C. psittaci [66, 89, 90] .
A large study involving an adequate number of cases from several countries andconducted with the same methodological diagnostic approach in order to exclude-falsepositive results, would be, although utopian for the moment, desirable.
In this context, however, the touchdown enzymetimerelease polymerase chain reaction (TETR-PCR) based technique designed to simultaneously detect Chlamydia DNA, proved to be the best method for the molecular detection of C. psittaci DNA and able to discriminate between C. psittaci and C. pneumoniae [8, 91, 92] .
TETR PCR technique simultaneously detects C. pneumoniae, C. psittaci and C. trachomatis DNA at bacterial load lower than one Inclusion Forming Unit. The DNA fragment amplified with this protocol includes the end of the 16S rRNA gene and the beginning of the 16S-23S spacer region. PCR products are then analyzed by electrophoresis and DNA fragment size is quantified by image analysis. The specificity of the amplified DNA is confirmed by sequencing to verify the degree of homology between the genomic regions among Chlamydial species and to exclude false positivity. Several other PCR methods have been recently proposed.
In Table 1 are shown the different techniques employed to assess Chlamydia Sp. prevalence in clinical samples from patients with OAL. These techniques have detected C. psittaci in a consistent number of OALs suggesting the possible contribution of this bacterium in lymphoma development and the possible adoption of antibiotic therapy.
C. pneumoniae
There are few reports describing the association of C. pneumoniae with MALT lymphomas but with conflicting results [93, 94] and C. pneumoniae DNA has been detected in a few cases of OAML. Its seroprevalence is a relatively high [ranging from 40% to 90%] in some geographic areas, including Japan, Taiwan, and Hong Kong and it is probably related to the genotypic and phenotypic differences among the strains of the pathogen [80] . Molecular identification could represent an interesting approach for the diagnosis of Chlamydia infections, especially for C. pneumoniae.
C. trachomatis
C. trachomatis is an obligate intracellular gram negative bacterium which was first identified as the etiologic agent in blinding trachoma in Africa and the Middle East and later was demonstrated to be a genital pathogen of widespread occurrence in both developed and under developed areas of the world. Indeed this organism is now considered to be the most common sexually transmitted bacterial pathogen in the United States, with more than a million new such infections reported annually to the Centers for Disease Control [95] .
Significantly, primary genital infection with this organism often engenders severe sequelae, including fertility problems in women, arthritis in both genders, and others [96, 97] . Current data indicate that these sequelae involve organisms in an unusual state designated persistence, in which metabolic and genetic activity are modified to yield a largely antimicrobial-refractory organism [97, 98] .
The possible involvement of C. trachomatis in the development of OAL seems not supported by strong evidence of the literature. The MEDLINE and PubMed da- Table 2 . Four (n. 1, 3 -5) displayed the well-known classical histopathology and immunophenotype profile of most MALT lymphomas; one patient (n. 2) had a cutaneous anaplastic large-cell lymphoma, positive for CD3, CD2 and CD30, and negative for CD5, CD56, ALK and CD20, as determined by immunohistochemistry. Ophthalmic lymphoma was the first presenting symptom and all patients had involvement of the ocular region only (Stage I).
Focus on OAL Cases Admitted at Our Institution
Chlamydiae were searched in fresh lymphoma tissue biopsy and in PBMCs isolated by density gradient from peripheral blood (Fycoll-paque plus, GE Healthcare Europe GmbH, Milan, Italy). DNA and RNA were extracted as previously described [100] and assayed by a nested-PCR designed to simultaneously detect C. pneumoniae, C. psittaci and C. trachomatis. A fraction of PBMCs was instead centrifuged, suspended in RPMI 1640 medium (Gibco, Invitrogen, Carlsbad, CA) and co-cultured up to 144 hours with Hep-2 cell line (ATCC CCL-23), to increase the number of bacterial inclusions [60] . Cultured samples were then processed as done for fresh uncultured cells. Molecular analyses also included PCR after retro-transcription (RT-PCR), using primer sets targeting 16S rRNA, outer membrane protein (ompA/MOMP), and HsP-60 genomic regions of C. psittaci, C. pneumoniae, and C. trachomatis [60, 99] .
Amplification fragments corresponding to C. pneumoniae 16S rRNA gene, were found both in tumor tissue and in co-cultured PBMCs from there patients (Figure 2) .
Amplicons were sequenced by ABI PRISM 377 DNA Sequencer (Applied Biosystems, The Netherlands) and compared with other Chlamydiaceae genes (BLAST program http://www.ncbi.nlm.nih.gov/BLAST, showing a strict homology with C. pneumoniae TW183 strain (AE009440.1, 99%; E value: <0.01).
Due to the ocular localization and to the prominent angiogenic component of the lesion, for the patient n. 2, molecular analyses to detect HHV-8 were also performed. These revealed the presence of a productive infection by both pathogens in surgical biopsy and in PBMCs [100] .
Owing to detection of active chlamydial infection (mRNA transcripts), this patient was given doxycycline (Bassado ® , Pfizer, Italy), 100 mg twice a day, for 4 weeks. This treatment was safe and well tolerated, and C. pneumoniae was no longer detectable in PBMCs after the conclusion of antibiotic treatment.
Of the two patients with C. pneumoniae DNA positiviity, one (n. 3, 81 years old) had been previously treated with antibiotic therapy with the same protocol. The achieved response monitored through PBMC evaluation for C. pneumoniae DNA was incomplete and lymphoma evolved. The patient was successfully treated with Rituximab (anti-CD20), cyclophosphamide, vincristine and prednisone, with reduction of the pathological tissue and general improvement.
The other patient (n. 4) was 72 years old with ocular lymphoma discovered in April 2008. Since August 2008 
C. trachomatis
^Chemotherapy, then recurrence. ^^Complete remission *˚, after doxycycline administration. In follow up analyses performed after 12 months, the patient was free of skin and systemic disease without detection of C.
pneumoniae in PBMCs; ˚˚, incomplete remission after doxycycline administration; ^, 6 COP courses, cyclophosphamide, vincristine, prednisone. Remission, en recurrence of disease; ^^, with doxycycline, then clarithromycin and quinolones administration. th Patient n. 1 was 66 years old and did not harbored bacterial DNA in both biopsy specimen and PBMCs.
Antibiotic therapy was not administered. In this case lymphoma remained stable and did not evolve.
No symptomatic toxicity or changes in biochemical parameters (serum levels of markers of hepatic and renal function) were observed in any patient sunder gone antibiotics.
The patient n. 5 was a 53-year old Italian woman suffering from chronic HBV hepatitis. She had an indolent natural history of bilateral OAL in absence of lymph node enlargement and tissue involvement at total body CT scan. However, microscopic and immunocytochemical analysis of osteomedullary biopsy and the flow cytometry analysis of bone marrow cells obtained from a bone marrow aspirate, documented 12% neoplastic cells of clonal origin. The multicolour flow cytometry analysis excluded the presence of tumor cells in the peripheral blood. The patient underwent chemotherapy, which led to a complete disappearance of clonal lymphoid cells.
Because of the possible link between OAL and Chlamydia infection, she was investigated for Chlamydiae spp. and other pathogens including Mycoplasma and Ureaplasma urealyticum which proved all negative. Synovial fluid cultures as well as urogenital swabs for detecting C. trachomatis did not grow inclusion bodies. Screening for C. trachomatis was negative. The patient never had urogenital symptoms.
The above molecular and cultural techniques detected Figure 2 .
The sequencing of PCR products detected a strict homology with C. trachomatis, as shown by BLAST analysis.
The patient was given doxycycline at same dosage for 4 weeks, which was safe and well tolerated, without receiving any concomitant therapy.
C. trachomatis PCR DNA and mRNA transcripts were negative in PBMCs after the conclusion of antibiotic treatment and a significant reduction of the ocularlesions was observed. C. trachomatis eradication was monitored at molecular level by assessing patient's PBMCs by laboratory investigators 6 months later and after 9 months of follow-up.
At 12-month from doxycycline assumption, C. trachomatis was no longer detectable in the patient's PBMCs. Ultrasonography was negative. One year after, the patient relapsed and a new ocular biopsy did detect OAL characterized by an indolent lesion with salmon red patch appearance in the bulbar conjunctiva of the right eye. Histological diagnosis was again a marginal zone B-cell lymphoma of MALT-type. PCR identified once more all three genes products associated to Hsp-60 gene in absence of 16S rRNA and ompA gene, whereas RT-PCR revealed an amplification signal corresponding only to the single Ct-604 portion of Hsp-60cDNA which continued to be positive after the suspension of doxycycline, in absence of OAL (Figure 2) . Doxycycline was again re-administered and a marked reduction of the eye lesionwas observed. A new evaluation of patient's PBMCs 1 month after starting therapydid detect again the identical molecular profile. Thus, we decided to administer an antibiotic regimen based onclarithromycin plus levofloxacin for 1 month. Tolerability and response were assessed by physical examination, blood sampling and imaging. The tolerability was excellent. The PBMC RT-PCR was negative for Hsp-60 gene in absence of DNA and at a distance of about 2 and half years from the lymphomatous manifestations, the patient has no complaints and molecular tests are negative in PBMCs. Ultrasound examinations and CT scans of the eye continue to be also negative.
Therapeutic Strategies in OAL
To date a critical topic is the lack of consensus about the best treatment for OAMZL disorders. Ideally, the opti-mal treatment should not be negatively counter balanced by side effects. In deciding of optimal therapy several factors must be taken into account and include: 1) histopathological type of lymphoma according to the WHO classification [103] ; 2) extension of disease, within and outside the periocular region; 3) prognostic factors related to the patient [age, autoimmune disorders] and the disease; and 4) additionally consideration of the functional impact of the treatment on the eye [19, 104] .
Several standard treatment modalities are available for OAL, including surgical excision and wait-and-see policy, radiotherapy and chemotherapy using single agent or combination regimens [31, 92, 105] . Advances in the knowledge of the immunophenotypic and genetic alterations in lymphoma cell lines have also led to a better understanding of the pathogenesis of the disease. In this regard, newer options such immunotherapy using interferon a and rituximab monoclonal (anti-CD20 antibody) and radioimmunotherapy, have been recently proposed although tested in small studies [92, [105] [106] [107] .
One of the most intriguing therapeutic approaches in recent times has been the use of tetracycline (doxycycline) for chlamydia-associated lymphomas.
The eradication of C. psittaci infection with doxycycline has been proposed as a fast, cheap, safe and active therapeutic option in patients with OAML and a valid alternative even in patients with multiple failures, involving previously irradiated areas or regional lymphadenopathies [78, 109] . In this setting however, after the first encouraging results obtained in the treatment of OAL associated with C. psittaci, there have not always been satisfying and convincing confirmations in other studies [108, 109] . This because of scarce reproducibility, short duration of the positive effect of the antibiotic onto proliferation of lymphoma [109, 110] , and achievement of a clinical response also in C. psittaci DNA negative cases [13] . The fact that even C. psittaci-negative lesions regressed with treatment, has led to hypothesize that other undiscovered doxycycline-sensitive organisms could also be involved in the pathogenesis of the OAL disease.
Varied results of treatment with antibiotics might be attributable also to the wide geographical variation in the prevalence of C. psittaci infection in OAL of MALT lymphoma origin, different genetic background of the patients with MALT lymphomas, and also by their sensitivity to the antibiotics that were selected for treatment.
A diagnostic biopsy with immunophenotyping and genetic analysis to determine the grade of the lymphoma combined with molecular analysis to determine the presence of an infective agent is strongly recommended. General treatment with antibiotics however, should be discouraged unless there is proof of an infective agent. If Chlamydial infection is found, a trial of oral doxycycline is worthwhile.
Discussion
The high prevalence of C. psittaci in patients with OAL has suggested a potential role, although it has been documented an evident geographical variability and response to antibiotic treatment (possibly related to the different techniques employed), the lack of stratification of response rates on histological subtypes of OAL, the genetic and phenotypic differences of C. psittaci strains in different countries and the reduced time of follow-up of these patients. In addition, the regression of lymphoma after antibiotic administration was often observed in patients not harboring C. psittaci DNA, suggesting that other undiscovered doxycycline-sensitive organisms may also be involved in the pathogenesis of disease [110] . Finally, there is not enough knowledge about the either of isolation of strains that display resistance to recommended antibiotics or of mechanisms of possible resistance in isolates from patients failing treatment. For C. pneumoniae, the findings so far obtained are very limited not only for identification in OAL but also for the specific treatment with antibiotics.
The results achieved by us in this regard are also limited and the 3 positive cases observed at our Institution, although studied and monitored over time showed that the response to doxycycline was partial or incomplete in 2 patients. Of interest, in the patient with cutaneous anaplastic eyelid with concurrent demonstration of C. pneumoniae and HHV-8 infection in both lymphomatous tissue and PBMC, we observed a complete response to doxycycline and after two years, C. pneumoniae was no longer detectable. However, any consideration about the possible role of antibiotic therapy in treating the neoplasm cannot be drawn, since the antibiotic treatment was started when the tumor had been surgically excised. Studies of more patients would be required to clarify the role of pathogens in this cutaneous lymphoma development.
The molecular and cultural evidence of C. trachomatis demonstrated for the first time in a female patient with OAL, seems to suggest that also this pathogen may contribute to pathogenesis of such lymphoma [66, 99] .
In this case however, doxycycline was eradicating at initial diagnosis but not at relapse, as previously demonstrated [78] .
Although clinical studies on the employment of macrolides alone or in association have not been largely performed, these compounds could be effectively employed in clinical settings when doxycycline doesn't work as expected. In this setting, a promising unconventional therapeutic approach derived by a 6-month oral administration of clarithromycin, which has been tested in a Phase II trial including 12 patients with relapsed/refractory OAMZL; notably, the majority of these patients were previously treated with doxycycline. Clarithromycin has been successful in obtaining a 38% clinical re-sponse rate in these patients, and in particular in those with conjunctival disease [111] , suggesting that oral clarithromycin is safe and active in EMZL.
The rationale for the use of macrolide clarithromycin is that this drug is among the first line agents for the treatment of uncomplicated genital infections by C. trachomatis other than tetracyclines, quinolones and penicillins. Clarithromycin has also shown to induce apoptotic changes in tumor cells and to exhibit antitumor activity in murine cancer models and also in patients with MZL of the gastrointestinal tract [112] .
Conversely, ciprofloxacin and ofloxacin have shown to be not eradicating the organism from host cells in vitro, but rather to induce a state of Chlamydia persistence characterized by the presence of noncultivable, but fully viable bacteria and the development of aberrant inclusions [9] . Despite this, however, the association of both compounds has been effective in eradicating C. trachomatis Hsp-60 cDNA in clinical specimens as demonstrated by RT-PCR [99] .
Conclusions
The pathophysiological processes and molecular mechanisms that lead to the development of chronic inflammatory disease, persistence, and ultimately cancer, still need to be clarified. Future studies on a larger number of cases, longer follow-up time and above all, the use of a panel of techniques directed to detection of both Chlamydia DNA and mRNA transcripts in both blood and tissue specimens, combined with appropriate cell culture assay based on additional centrifugation and extension of culture time, would be useful not only for screening and diagnosis but also for monitoring genes related to bacterial persistence and to assess the effectiveness of therapy in these patients.
The potential application of bacteria-eradicating therapy at local and systemic level may ultimately result in safer and more efficient therapeutic option for patients affected by these malignancies. In this setting, the use of antibiotics in combination with immunomodulatory or cytostatic agents deserves to be investigated in future trials on EMZL and other lymphomas. In any case, a close collaboration between experts in ophthalmology, infectious diseases and hematology will help, in the future, to effectively manage this disease.
